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(54) MICROCHIP 

(57) A microchip is provided, the microchip compris- 
es a block constituting a reaction system, wherein said 
reaction system includes: a reaction region including bi- 
omolecules immobilized therein in form of a spot(s) or 
a strip(s); a supply flow channel connected to the reac- 
tion region for supplying a sample solution; and a recov- 



ery flow channel connected to the reaction region for re- 
covering the sample solution which passes through at 
least a part of the reaction region. Thereby bonds or 
bindings between the biomolecules or biomacromole- 
cules and the samples can be detected on the microchip 
using the slight quantity of both the sample and the bi- 
omolecules. 



FIG. 7 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a microchip 
comprising biomolecules such as proteins or nucleic ac- 
ids, and more particularly to a microreactor comprising 
a plurality of reaction systems utilizing the microchip. 

Related Art Statements 

[0002] Sequencing of human genome has been com- 
pleted owing of progress in human genome research- 
ing. Although the complete sequencing of the human 
genome is very important achievement of life science, 
this is only the beginning of further problems. The im- 
portance issues of fundamental and applied research 
have already shifted to investigation of functions of in- 
dividual genes, i.e. the functions of proteins produced 
by the individual genes. Investigation of individual gene 
expression mechanism is very important as well as the 
investigation of functions. Anyway, to investigate such 
problems, a technology that many kinds of samples or 
minute amount of samples can simultaneously analyzed 
is essential for execution of these investigations. 
[0003] A microarray i.e. microchip technology has at- 
tracted attention as an important technology which 
makes possible to implement the purposes and is de- 
veloping rapidly. A photolithography, a mechanical- 
spotting method, and an inkjet method, etc. as a manu- 
facturing technology of DNA microarrays, have been in 
practical use (refer to a document 'Trends in Biotech- 
nology, 16", 1998, pp. 301-306). In addition, some tech- 
nologies, that bondings or bindings between a number 
of proteins and ligands can simultaneously be detected, 
are going to be developed. The technologies are fallow- 
ings: a microchip technology combining with a mass 
spectrometry (refer to a document "Mass Spectrometry 
Reviews, 16", 1997, pp. 1-23); an acrylamide gel pad 
method (refer to a document "Anal. Biochem., 278", 
2000, pp. 123-131); a polyvinylidene difluoride mem- 
brane method (refer to a document "Anal. Biochem., 
270", 1999, pp. 103-111); and a two-hybrid assay (refer 
to a document "Nature, 403°, 2000, pp. 623-627), etc. 
As a method applicable to both DNAs and proteins, an 
electrospray deposition method is disclosed (refer to a 
document "Anal. Chem. 71", 1999, pp. 3110-3117). 
[0004] On the other hand, a technology that a variety 
of chemical reactions are performed on a microchip us- 
ing minute amount of samples, which is referred to as 
"Lab-On-Chip" or "Integrated-Chip", is studied for vari- 
ous purposes. A part of the technology has reached a 
stage of practical use (referto Japanese documents and 
a web site "Pharmacia, 36", 2000, pp. 34-38; "Chemical 
(Kagaku), 54(10)", 1999, pp14-19; and httpV/www/cali- 
pertech.com/welcome.html, etc.). 
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[0005] In order to know a hybridization condition of a 
gene (i.e. amount of production of mRNA), hybridization 
must be detected using a labeling compound such as a 
fluorescent material. Thereby detecting bonds on the 

s DNA microchip and identification of bonded substances 
can be performed at the same time. In case of proteins 
if both a targeted protein or DNA, and a ligand which 
bonds with that target material are known and antibod- 
ies to the substances are available, both detection and 

10 identification of a targeted substance can be performed 
on the proteins microchip at the same time using a con- 
ventional enzyme label immunoassay or an fluores- 
cence immunoassay. 

[0006] However, if functions or structures of either or 
15 both a protein and a compound which combines with the 
protein are unknown, a separate device or technique 
must be required for detection of bonds or bindings and 
identification of the substance which is generated by the 
bonds, respectively. In order to identify a compound(s) 
20 which is generated by combination with the protein, after 
detection of bonds about the compound on the micro- 
chip, the compound must be extracted to be analyzed 
in various tests. For a DNA microchip, when it is desired 
to investigate factors of regulation of gene expression, 
25 similar process is needed. 

Objects of the Invention 

[0007] It is an object of the present invention to pro- 

30 vide a biomolecules/ biomacromolecules microchip 
having a structure that bonds between many number of 
proteins or DNAs and compounds can be detected on 
the chip and the compounds which combine or bind with 
the proteins can be recovered to be identified. 

35 [0008] It is another object of the present invention to 
provide a microreactor that a particular compound can 
be generated from an original compound in successive- 
ly reaction using reaction regions . on which a series of 
enzymes are immobilized thereto, and which reaction 

*o regions are connected to each other. In consideration of 
prevention of environment pollution or global wanning 
and depletion of oil resources, conversion from a con- 
ventional organic synthesis process using oils to a bio- 
chemical process is very important issue. Here, in order 

45 to search for an optimal reaction condition or prepare 
samples for screening stage, it is very important to es- 
tablish an enzyme reaction system on a microchip. 
[0009] It is still another object of the present invention 
to provide a system for purifying minute amount of bio- 

50 molecules or biomacromolecules. When various com- 
pounds such as proteins are separated and purified, in 
general available quantity of the sample is very small 
amount. Such a separation and purification are usually 
done with electrophoresis or many kinds of chromatog- 

55 raphy. The electrophoresis is in practical use for using 
a very small amount of sample. However, the chroma- 
tography has not been developed to deal with a very 
small amount of sample, yet If the chromatography 
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technology, in which the sample of very small quantity 
can be processed, were practical in use, it would be very 
significant. If so, in all experimental processes, facilities 
would be miniaturized to amazingly reduce times, costs, 
and labor hours. 

[001 0] In order to attain the objects described above, 
It is indispensable to certainly fix or immobilize biomol- 
ecules, such as proteins or DNAs, or various organic 
compounds onto a substrate without damage of its func- 
tions and to repeat the immobilizing process in high 
probability. It is preferable that shape, size, number, or 
density of a structure body immobilized the samples can 
be change whenever possible according to need. As de- 
scribed in PCT publication W098/58.745, the electro- 
spray deposition method fits the requirements. Accord- 
ingly, detecting bonds or bindings between known pro- 
teins or DNAs and ligands and identification of the bond- 
ed compounds can simultaneously be done on the mi- 
crochip, which is manufactured by the electrospray dep- 
osition method, using the enzyme label immunoassay 
or the fluorescence immunoassay with antibodies to 
them. 

[0011] On the other hand, it is increasingly important 
to investigate proteins whose functions are unknown. 
Although in a gene level certain gene is presumed to 
serve as certain role in a living body, it is not enough. 
First and foremost, functions of a protein , which are cod- 
ed by its gene, must be clarified. Therefore, various ap- 
proaches have been proposed. For example, there is a 
method of presuming the functions based on similarity 
with known proteins by using clarifying partial struc- 
tures, such as core of activity, by NMR (nuclear magnet- 
ic resonance equipment). There Is a fact that all reac- 
tions in a living body are triggered by combination with 
a ligand(s) and are performed by proteins. Taking ac- 
count of the fact, it goes without saying that the most 
important and direct way to clarify proteins whose func- 
tions are unknown is firstly to find out a substance which 
bonds or binds with the protein and then to clarify a 
structure of the substance which bonded with the pro- 
tein. 

[001 2] To that end, it must firstly be detected whether 
a protein is combined with a test compound on a protein 
microchip having he immobilized protein therein using 
the electrospray deposition method. An optimal detec- 
tion technique is suitably selected depending on combi- 
nation of a protein with a compound. If there is a com- 
pound which bonded or bound with the protein, this com- 
pound is and recovered and disassociated from the pro- 
tein. Then a structure of the compound is determined 
using various analytical techniques. The present inven- 
tion aims to provide and disclose a microchip (i.e. mi- 
croreactor) which achieve such functions. 
[0013] In addition, in orderto manufacture a microre- 
actor, it is preferable that a necessary group of enzymes 
is immobilized onto predetermined locations respective- 
ly and which locations are connected to each other. 
In addition, so as to refine a minute amount of 
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compound, a substance, which preferentially associ- 
ates with a targeted compound, or a substance, which 
is used by various conventional chromatographies; is 
immobilized. Thereby different types of ch romatography 

s devices can be manufactured. In this regard, a structure 
body which is immobilized may suitably be selected for 
any purpose. In one instance, the structure body may 
be immobilized over the length and breadth of flow chan- 
nels or may be immobilized in form of porous by varying 

10 the condition of the electrospray deposition. 

Summary of the invention 

[001 4] According to the present invention, a microchip 
15 comprises a block constituting a reaction system, 
wherein said reaction system includes: 

a reaction region including biomolecules immobi- 
lized therein in form of a spot(s) or a strip(s); 
20 a supply flow channel connected to the reaction re- 
gion for supplying a sample solution; and 
a recovery flow channel connected to the reaction 
region for recovering the sample solution which 
passes through at least a part of the reaction region. 

25 

According to the present invention, bonds or bind- 
ings between the biomolecules or biomacromolecules 
and the samples can be detected on the microchip using 
the slight quantity of both the sample and the biomole- 
30 cules. In addition a compound(s), which is generated 
through the bindings or the reaction, may be collected 
by the recovery flow channel and is recovered to be 
identified. 

[0015] In a preferable embodiment of the microchip 

35 according to the present invention, said block is formed 
by a first and a second substrates which are bonded mu- 
tually such that the reaction region, the supply flow 
channel and the recovery flow channel are formed at a 
boundary, more properly a gap, between flat surfaces 

40 of the first and second substrates; and 

said block further comprises an inlet and an outlet 
for communicating the supply flow channel and recovery 
flow channel to outside. 

According to the present invention, for example, a 

45 microchip can be manufactured in a simple manufactur- 
ing method such that a first plate having a concave po- 
tion is bonded with a second plate, on which biomole- 
cules are fixed or immobilized thereon. 
[0016] In another embodiment of the microchip ac- 

50 cording to the present invention, said biomolecules are 
immobilized using an electrospray deposition method. 

According to the invention, the spot of the biomol- 
ecules or biomacromolecules can be immobilized using 
the electrospray deposition method without any damage 

55 of biological functions of the biomolecules. 

[0017] In still another embodiment of the microchip 
according to the present invention, said supply flow 
channel and said recovery flow channel are arranged in 
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two or three dimensions. 

According to the invention, when the flow chan- 
nels are configured in three dimensions, the sample so- 
lution, after which reacts with a particular biomolecules 
spot, is individually collected and is recovered to be an- 
alyzed. In addition, a reaction system in single-input and 
multiple-output, a reaction system in multiple-input and 
single-output, or a reaction system in multiple-input and 
multiple-output can easily be manufactured. When the 
sample solution is supplied to the spot(s) i.e. reaction 
region(s) in two dimensions (flat-way style), if there is 
enough margin for providing minute flow channels, 
above described reaction system may be implemented. 
However, when the spots are closely disposed in form 
of an array on a plane surface, the chip is to be deficient 
in an area for locating each of the flow channels. Con- 
sequently, the flow channels are disposed in three di- 
mensions. For example, when through holes from the 
bottom to top surface are provided in both or either the 
first or second of the substrate, the sample solution may 
be supplied from above or below and is recovered. 
Thus, even if the spots are closely disposed, each of the 
flow channels may easily be disposed in the chip. 
[0018] In still another embodiment of the microchip 
according to the present invention, said supply flow 
channel or said inlet comprises a liquid feeder for con- 
trolling of supply and/or flow rate of the sample solution, 

said recovery flow channel or said outlet compris- 
es a liquid recovery device for collecting and recovering 
the sample solution which passes through the reaction 
region. 

According to the invention, flow rate of the sample 
solution can be controlled based on characteristics of 
reactions. In addition reaction product(s) can readily be 
collected and recovered using the recovering device. 
[0019] In still another embodiment of the microchip 
according to the present invention, said reaction system 
includes: 

said supply flow channel, which is single on a side 
of the inlet and is separated into a plurality of supply 
flow channels on a side of the reaction region; 
said reaction region, which comprises a plurality of 
paths which are respectively connected to the plu- 
rality of flow channels one by one; 
said recovery flow channel, which is a plurality of 
recovery flow channels which are respectively con- 
nected to the paths one by one; and 
said outlet, which is a plurality of outlets which are 
provided forcommunicating respectively the plural- 
ity of recovery flow channels to outside one by one. 

[0020] In still another embodiment of the microchip 
according to the present invention, said reaction system 
includes: 

said supply flow channel, which is single on a side 
of the inlet and is separated into a plurality of supply 



flow channels on a side of the reaction region; 
said reaction region, which comprises a plurality of 
paths which are respectively connected to the plu- 
rality of supply flow channels one by one; and 
s said recovery flow channel, which is separated into 
a plurality of recovery flow channels on a side of the 
reaction region and are interconnected into single 
recovery flow channel on a side of the outlet. 

10 [0021] In still another embodiment of the microchip 
according to the present invention, said reaction system 
includes: 

said supply flow channel, which is a plurality of sup- 

*5 ply flow channels; 

said inlet, which is a plurality of inlets, wherein the 
plurality of inlets is connected to the plurality of sup- 
ply flow channels on a one-to-one basis; 
said reaction region, which comprises a plurality of 

20 paths; 

said recovery flow channel, which is a plurality of 
recovery flow channels, wherein the plurality of re- 
covery flow channels is connected to the plurality of 
paths one by one; and 

25 said outlet, which is a plurality of outlets which are 
provided for communicating respectively the plural- 
ity of flow channels with outside one by one. 

[0022] In still another embodiment of the microchip 
30 according to the present invention, said reaction system 
includes: 

said supply flow channel, which is a plurality of sup- 
ply flow channels; 

35 said inlet, which is a plurality of inlets which are pro- 
vided for communicating respectively the plurality 
of flow channels with outside one by one; 
said reaction region, which comprises a plurality of 
paths which are respectively connected to the plu- 

40 rality of flow channels one by one; and 

said recovery flow channels, which is separated into 
a plurality of recovery flow channels on a side of the 
reaction region and are interconnected into single 
recovery channel on a side of the outlet. 

45 

[0023] As described above, when various reaction 
system is configured such as in single-input and multi- 
ple-output, in multiple-input and single-output, or in mul- 
tiple-input and multiple-output, the spots can be dis- 

50 posed in form of various styles and the spots arrange- 
ment can flexibly respond to a desired reaction. For ex- 
ample, when the microchip is configured in single-input 
and multiple-output, reaction products can be recovered 
from each of the spots separately. If the microchip is 

55 configured in multiple-input and multiple-output, the re- 
action system having a many number of reaction paths 
can be configured to be supplied various kinds of sam- 
ple solutions at one operation to be recover a reaction 
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product(s) every sample. 

In addition, in the present invention, the biomole- 
cules can be immobilized onto arbitrary locations. For 
example, the biomolecules can be immobilized onto a 
surface of the first substrate in form of a spot(s). Alter- 
natively, the biomolecules or biomacromolecules may 
be immobilized onto whole internal surface of the reac- 
tion region(s). When this configuration is chosen, owing 
to enlarging an area of contact surface between the bi- 
omolecules and samples, it is possible to increase re- 
action efficiency of them. 

[0024] In still another embodiment of the microchip 
according to the present invention, said reaction system 
is equal to or more than 1 0, 1 00, or 1 000 per cm 2 , equal 
to or more than 1 00 per cm 2 . 

According to the invention, because the reaction 
system is miniaturized, the reaction system can be con- 
figured in a minute amount of the sample. Additionally, 
a multi-step reaction can be done on a small area of the 
single microchip at one operation. 

Brief Description of the Drawings 

[0025] 

Fig. 1 is an exploded diagram showing a microchip 
according to the present invention; 
Fig. 2 is a diagram illustrating an arrangement of 
biomolecules spots 2 formed on a substrate 1 ; 
Fig. 3 is a schematic diagram representing micro 
flow channels in single-input and single-output; 
Fig. 4 is a diagram depicting a cross-sectional struc- 
ture of a microchip having a substrate 1 attached a 
plate 3; 

Fig. 5 is a schematic diagram showing micro flow 
channels in single-input and multiple-output; 
Fig. 6 is a schematic diagram illustrating micro flow 
channels in a consecutive reaction system; 
Fig. 7 is a schematic diagram and its A-A' cross- 
sectional view depicting a micro-column having bi- 
omolecules spots which are immobilized using the 
electrospray deposition method; and 
Fig. 8 is a diagram showing a structure (as one ex- 
ample) of a microchip system having three dimen- 
sional flow channels in a five layer (includes a sub- 
strate) structure. 

Detailed Description of the Preferred Embodiments 

[0026] Several preferred embodiments of the micro- 
chip according to the present invention will be described 
with reference to the accompanying drawings. The mi- 
crochip according to the present invention comprises: a 
spot(s) or a film(s), wherein organic polymer material or 
biomolecular material or such as proteins is immobilized 
using the electrospray deposition method; a supporting 
part for supporting the spots thereon ; micro supply flow 
channels for supplying a liquid(s) to the spot(s); and mi- 



cro recovery flow channels for recovering a reaction 
product(s). 

[0027] Fig. 1 is an exploded diagram showing a mi- 
crochip according to the present invention. In Fig. 1, a 

5 substrate t is made of: plastics (PMMA, polycarbonate, 
polyethylene, fluorocarbon resin, or metal etc.); glass 
(silica grass, or optical grass, etc.); ceramics (alumina, 
zirconium oxide, silicon nitride, or aluminum nitride, 
etc.); or metal. When the substrate is highly electrical 

10 insulating material, a thin layer (which is made of gold, 
platinum, or ITO, etc.) can be coated on the surface of 
the substrate. 

[0028] An array of biomolecules spots 2 are formed 
on the first substrate 1 made of glass or plastics using 

15 the electrospray deposition (ESD) method. The array of 
plurality of spots 2 are formed using a micro-array man- 
ufacturing technique (which is disclosed by a document 
("Anal. Chem. 71", 1999, pp. 3110-3117)), then the 
spots 2 are immobilized by treatment with a crosslinking 

20 agent (glutaric aldehyde). Various proteins (enzymes, 
antibodies, membrane proteins, etc.) organic polymer 
material (aery late resin, cellulose, ion exchange resin, 
or epoxy resin, etc.), or dye, etc. can be used in this 
invention as a material of the spots. Also, most of func- 

25 tional materials, which may be polymerized with cross- 
linking agent to be immobilized, can be used in this in- 
vention. 

[0029] A second substrate 3 has a concave portion 4 
in one surface thereof. The one surface, having the con- 

30 cave potion 4. of the second substrate 3 is bonded to a 
surface, having spots 2, of the first substrate 1 . Owing 
to the bonding, closed micro flow channels and reaction 
regions are built between the substrates or in a gap ther- 
ebetween. Liquid to react with is then to be properly sup- 

35 plied to them. Both ends of the concave potion 4 of the 
second substrate 3 have through holes respectively, 
which holes are used as an inlet 5 for supplying liquid 
and an outlet 6 for recovering the liquid, respectively. 
The microchip is designed such that the liquid poured 

40 into the inlet 5 is supplied to the micro supply flow chan- 
nels, in which one flow channel is diverged into a 
number of channels, to uniformly be fed to all spots in 
parallel. In addition in the microchip, after the branched 
liquid passes through the spots it would be collected into 

45 one flow recovery channel along with confluence of the 
channels to be recovered from the outlet 6. In other 
words, the microchip is configured in a reaction system 
of one-input and multi-output. 

[0030] A structure of the substrate 1 , in which biomol- 
50 ecuies are immobilized as spots thereon, will be ex- 
plained in detail. Fig. 2 is a diagram illustrating an ar- 
rangement of biomolecules spots 2 formed on the sub- 
strate 1 . The spots 2 have a diameter of approximately 
ten to several hundred micron-meters and a thickness 
55 of approximately 1-50 micron-meters. The spots 2 are 
placed at intervals 5 which are approximately 1 -1 0 fold of 
the diameter thereof. Number of spots can be in a range 
from several to several ten thousand. Respective spots 
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can be made of different kinds of biomolecules, biomac- 
romolecuels, or organic molecules. Alternatively, the 
spots can be made of single kind of biomolecule in each 
line of the array. Of course, all the spots can be same 
kind of substance. In the figure, although the spots are 
represented in circular form, they can be any kind of 
shapes such as a rectangular, a square, or etc. 
[0031 ] Fig. 3 is a schematic diagram representing mi- 
cro flow channels in single-input and single-output. A 
reaction solution is injected into the inlet 5 from a pump, 
a syringe, or a pipette. The solution is uniformly distrib- 
uted by a liquid distribution circuit 7, i.e. minute supply 
flow channels and to be poured into micro reaction flow 
channels 8 (reaction regions). The micro reaction flow 
channels 8 are designed to be disposed biomolecules 
or biomacromolecules spots (not shown). The reaction 
solution would react with the biomolecules spots in the 
reaction flow channels 8, then to be collected and ana- 
lyzed. Then the reaction solution which passes the re- 
action flow channels 8 flows to a collecting circuit 9, i.e. 
micro recovery flow channels, to be directed to an outlet 
6. The reaction solution is recovered by a tube or a pump 
connected to the outlet 6. 

[0032] Fig. 4 is a diagram depicting a cross-sectional 
structure of a microchip having a substrate 1 attached 
a second substrate 3. Respective biomolecules spots 2 
immobilized on a substrate 1 by the electrospray depo- 
sition method are separated by walls of micro flow chan- 
nel structures, which are formed by the first substrate 1 
and concave potions 4 of the palate or second substrate 
3, which are bonded mutually. The microchip is de- 
signed to flow a solution on the spots 2. 
[0033] How to manufacture the micro flow channels 
structure body that is for forming concave portions 4 In 
the second substrate 3 will be explained in detail. 

The second substrate 3 is made of: plastics (PM- 
MA, polycarbonate, polypropylene, or polyethylene, 
etc.); glass (silica grass, or optical grass, etc.); ceramics 
(alumina, zirconium oxide, silicon nitride, or aluminum 
nitride, etc.); or metal. Various forming techniques can 
be used for forming concave portions 4 in from of minute 
grooves such as a mechanical method of scraping off a 
part which forms concave portions using a cutting tool 
(a end mill or a turning tool, etc.); a method of chemical 
etching the concave portions using a mask made using 
photo-resist; a method of abrasive jet machining using 
the mask made using photo-resist; or a method of elec- 
tric discharge machining. To produce the microchips in 
large quantity, following methods may be utilized. First 
one is a method for injection molding of plastics using a 
die which is made by the mechanical method. Second 
one is a method for injection molding of a ceramic or a 
metal slurry and for baking the molded product. When 
the dye is made of a material with high melting point 
such as tungsten carbide, a substrate made of glass 
may be pressure molded in high temperature so that 
concave portions 4 are formed therein. 
[0034] Now, how to bond the first substrate with the 



second substrate 3 i.e. the micro flow channels structure 
body will be explained in detail. 

In general, an adhesive agent is coated in thin lay- 
er to bond the first substrate 1 , which supports biomol- 

5 ecules spots, with the second substrate 3 which will form 
the a micro flow channels structure body. Alternatively, 
following methods can be utilized for binding the first 
substrate with the second substrate: an optical contact 
method for grind surfaces of them into the surfaces with 

10 high flatness, to bond them mutually without an adhe- 
sive agent; a method for heating substrates such as a 
diffusion bonding; a method for applying ultrasonic vi- 
bration to substrates; and a method for applying energy 
beam such as laser light to a surface. 

15 [0035] Fig. 5 is a schematic diagram showing micro 
flow channels in single-input and multiple-output (with 
parallel reaction regions). A reaction liquid is injected 
into the inlet 10 from a pump. Then, the reaction liquid 
is uniformly distributed by a liquid distribution circuit 11 , 

20 i.e. minute supply flow channels and to be poured into 
micro reaction flow channels 12 (reaction regions in par- 
allel). The reaction liquid passes through the micro re- 
action flow channels 12 having biomolecules spots 
therein. The branched flows of the reaction liquid flows 

25 from the micro reaction channels 12 to micro recovery 
flow channels 13, respectively. Then the reaction liquid 
is poured to independent outlets 14 to be collected and 
recovered from respective outlets 14 by using a pump 
or a pipette. 

30 [0036] Fig. 6 is a schematic diagram illustrating micro 
flow channels in a consecutive reaction system, A sam- 
ple solution is injected into an inlet 10. The sample so- 
lution flows through a micro flow channel. In the middle 
of the channel, a plurality of macromolecules (protein) 

35 spots are intermittently disposed therein. The solution 
passed through sequentially the spots (i.e. micro reac- 
tion flow channel 12). Finally the solution is recovered 
from an outlet 14. The macromolecules spot is not nec- 
essarily in form of a round, as shown the macromole- 

40 cules spot can be in a rectangular shape so that an area 
of reaction surfaces can be increased. The reaction so- 
lution is injected into the inlet 1 0 by a pump or a pipette. 
Then the solution flows through the reaction flow chan- 
nel 12 and is recovered from the outlet 14. As shown in 

45 Fig. 6, by meandering or winding the flow channel hav- 
ing reaction flow channel 12, it is possible to effectively 
react a many number of spots and the sample solution 
on the microchip having only a small region for contain- 
ing the channels. 

so [0037] Fig. 7 is a schematic diagram and its A-A* 
cross-sectional view depicting a micro-column having 
biomolecules spots which are immobilized using the 
electrospray deposition method. Although in this ar- 
rangement micro flow channels are formed as like as 

55 the microchip in Fig. 1 ., the microchip differs in following 
points from that in Fig. 1. Concave portions 16, which 
will form micro flow channels, are formed in a first sub- 
strate 15, In order to increase an area of reaction sur- 
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faces, biomolecules coating films 17 are disposed on 
whole walls of the concave potions 16 using the elec- 
trospray deposition method. By bonding the first sub- 
strate with a second substrate having a flat surface, mi- 
cro flow channels are formed therebetween. In addition, 5 
in order to coat the walls wit the macromolecules effec- 
tively, the walls of the concave portions 16 in the first 
substrate 15 are sloped. Accordingly, the area of reac- 
tion surfaces, which are contact surfaces between the 
solution and macromolecules films, may be increased. 10 
Micro reaction flow channels 19 are arranged in a mesh 
shape so that the area of the reaction surface can sig- 
nificantly be increased. Antibody, protein such as pro- 
tein-A, which is used in affinity chromatography and has 
preferential absorption functions, or organic macromol- 15 
ecules can be used as biomolecules or polymer mate- 
rials. The reaction flow channels i.e. reaction regions 
can be various shapes or patterns other than the mesh 
shape in Fig. 7. As described above, in Fig. 7 the first 
substrate 15 having the concave portions 16 including 20 
macromolecules film immobilized therein is bonded to 
the second substrate 1 8 having a flat surface without 
macromolecules films or spots. But, by bonding the two 
first substrates 15 having the concave portions 16 mu- 
tually, the area of the reaction surfaces may be in- 25 
creased further. 

[0038] By arranging flow channels in three dimen- 
sions, a sample solution ca be collected in every bio- 
molecules spot. Fig. 8 is a diagram showing a structure 
of a microchip system having three dimensional flow 30 
channels in a five layer (includes a substrate) structure. 
This microchip is formed such that a first substrate 21 , 
a second substrate 22, a third substrate 23, a fourth sub- 
strate 24, and a fifth substrate 25 are sequentially lay- 
ered. The first substrate 21 has biomolecules spots 21 A 35 
immobilized therein. The second substrate 22 has 
through holes 22A, which are disposed at locations cor- 
responding to the spots 21 A, which through holes 22A 
act as reaction flow channels (sites). 

A reaction solution is injected into an inlet 25A in 40 
the fifth substrate 25 and passes through distribution 
flow channels 24A in the fourth substrate 24 to be 
poured into supply micro through holes 23A, which are 
located above the respective spots 21 A, in the third sub- 
strate 23. Then the reaction solution flows in the respec- *5 
tive reaction flow channels 22A of the second substrate 
22. The reaction solution passes through above the 
macromolecules spot 21 A to be reacted with the mac- 
romolecules. The reacted solution then flows through 
respective recovery micro through holes 23A in the third so 
substrate 23 and through respective recovery micro 
through holes 24A in the fourth substrate 24, to reach 
respective outlets 25B in the fifth substrate. The reacted 
solution is separately collected and recovered from re- 
spective outlet 25B by a pump or a pipette. 55 

While the present invention has been described 
with respect to some embodiments and drawings, it is 
to be understood that the present invention is not limited 
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to the above-described embodiments, and modifica- 
tions and drawings, various changes and modifications 
may be made therein, and it is intended to cover in the 
appended claims ail such modifications as fall within the 
true spirit and scope of the invention. 

Industrial applicability 

[0039] According to the present invention, it is possi- 
ble to provide biomolecules microchip having a struc- 
ture, which can detect bindings or reaction between a 
many number of proteins or DNAs and other com- 
pounds on the microchip and which can collect and re- 
cover combined orreacted compounds, to identify them. 

Claims 

1 . A microchip, comprising a block constituting a reac- 
tion system, wherein said reaction system includes: 

a reaction region including biomolecules immo- 
bilized therein in form of a spot(s) or a strip(s); 
a supply flow channel connected to the reaction 
region for supplying a sample solution; and 
a recovery flow channel connected to the reac- 
tion region for recovering the sample solution 
which passes through at least a part of the re- 
action region. 

2. The microchip according to claim 1 , wherein said 
block is formed by a first and a second substrates 
which are bonded mutually such that the reaction 
region, the supply flow channel and the recovery 
flow channel are formed at a boundary between flat 
surfaces of the first and second substrates; and 

said block further comprises an inlet and an 
outlet for communicating the supply flow channel 
and recovery flow channel to outside. 

3. The microchip according to claim 1 , wherein said 
biomolecules are immobilized using an electro- 
spray deposition method. 

4. The microchip according to claim 2, wherein said 
biomolecules are immobilized using an electro- 
spray deposition method. 

5. The microchip according to claim 1 , wherein said 
supply flow channel and said recovery flow channel 
are arranged in two or three dimensions. 

6. The microchip according to claim 2, wherein said 
supply flow channel or said inlet comprises a liquid 
feeder for controlling of supply and/or flow rate of 
the sample solution, 

and wherein said recovery flow channel or 
said outlet comprises a liquid recovery device for 
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collecting and recovering the sample solution which 
passes through the reaction region. 

7. The microchip according to claim 2, wherein said 
reaction system includes: 

said supply flow channel, which is single on a 
side of the inlet and is separated into a plurality 
of supply flow channels on a side of the reaction 
region; 

said reaction region, which comprises a plural- 
ity of paths which are respectively connected 
to the plurality of flow channels one by one; 
said recovery flow channel, which is a plurality 
of recovery flow channels which are respective- 
ly connected to the paths one by one; and 
said outlet, which is a plurality of outlets which 
are provided for communicating respectively 
the plurality of recovery flow channels to out- 
side one by one. 

8. The microchip according to claim 2, wherein said 
reaction system includes: 

said supply flow channel, which is single on a 
side of the inlet and is separated into a plurality 
of supply flow channels on a side of the reaction 
region; 

said reaction region, which comprises a plural- 
ity of paths which are respectively connected 
to the plurality of supply flow channels one by 
one; and 

said recovery flow channel, which is separated 
into a plurality of recovery flow channels on a 
side of the reaction region and are intercon- 
nected into single recovery flow channel on a 
side of the outlet. 

9. The microchip according to claim 1, wherein said 
reaction system includes: 

said supply flow channel, which is a plurality of 
supply flow channels; 

said inlet, which is a plurality of inlets, wherein 
the plurality of inlets is connected to the plurality 
of supply flow channels on a one-to-one basis; 
said reaction region, which comprises a plural- 
ity of paths; 

said recovery flow channel, which is a plurality 
of recovery flow channels, wherein the plurality 
of recovery flow channels is connected to the 
plurality of paths one by one; and 
said outlet, which is a plurality of outlets which 
are provided for communicating respectively 
the plurality of flow channels with outside one 
by one. 

10. The microchip according to claim 1, wherein said 



reaction system includes: 

said supply flow channel, which is a plurality of 
supply flow channels; 
5 said inlet, which is a plurality of inlets which are 

provided for communicating respectively the 
plurality of flow channels with outside one by 
one; 

said reaction region, which comprises a plural- 
10 ity of paths which are respectively connected 

to the plurality of flow channels one by one; and 
said recovery flow channels, which is separat- 
ed into a plurality of recovery flow channels on 
a side of the reaction region and are intercon- 
15 nected into single recovery channel on a side 

of the outlet. 

11. The microchip according to claim 1, wherein said 
reaction system is equal to or more than 1 0 per cm 2 . 

20 

12. The microchip according to claim 1, wherein said 
reaction system is equal to or more than 100 per 
cm 2 . 

25 13. The microchip according to claim 1, wherein said 
reaction system is equal to or more than 1000 per 
cm 2 . 
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FIG. 4 



Micro flow channel 
structure 
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